CORONARY heart disease is due mainly to complications of coronary atheroma, in which thrombus formation at the site of, heemorrhage into, or breakdown of an atheromatous lesion occurs. The outstanding clinical and epidemiological feature is a higher incidence in males than in females, and an apparent increase of incidence in the last twenty to thirty years in this and other Western countries (Morris, 1951) .
Mortality Rates Per Million. Japanese in U.S.A., Hawaii and Japan, 1949-52 The implication of such changes in experience of one racial group, is that environmental factors may be of major importance. In support of this is the experience of Yemenite Jews (Toor et al., 1957) immigrating to Israel. During the last 2,000 years, these people, wandering in the Arabian deserts or living in Ghetto conditions in Arabian towns, have by segregation remained a relatively "pure" race. Some have immigrated to Israel recently and others have been there for twenty years: the Israeli medical service is common to both. The relevant heart disease mortality rates in 1953-55 for the recent immigrants are 490 per million, compared with 3,300 per million for those who have been in Israel for twenty years (Table II) . This makes an interesting comparison with England and Wales, where the relevant rates were 490 deaths per million in 1931 and 3,590 in 1957. Epstein et al. (1957) were able to show a difference in prevalence of coronary heart disease in two groups of pecple similar in respect of many environmental factors believed to be importantbut differing in race. Jews born in the U.S.A. of European Jewish immigrants were compared with Italians born in the U.S.A. of Italian immigrants. They were similar in sex and age; in the same occupation; similar in body-build, the frequency of overweight and in the total fat in their diet as expressed as a percentage of total calories; similar in the presence of factors known to be associated with coronary heart diseasee.g. hypertension, xanthelasma, diabetes mellitus. They had the same prevalence of previously undetected coronary heart disease. These Jews and Italians did differ a little in mean serum cholesterol and in the percentage of animal fat in their diet. However, they differed markedly in the incidence of overt coronary heart disease. The Jews had two to three times as much coronary heart disease as the Italians; and this difference was similar for comparisons of coronary heart disease in various sub-groups, e.g. in the men with low cholesterol, low weight and low blood pressure; in the retired group; and in those dying of an acute "coronary attack" (Table III) . The Jewish garment workers also had far more peripheral vascular disease. This is not conclusive evidence of a genetic factor, of course; but environment seemed to differ little. It might be argued that there was a (Doyle et al., 1957; Dawber et al., 1957) . These findings suggest that environmental changes associated with "progress" and "westernization" are associated with a rise in coronary heart disease; that this association is effective even in races relatively immune in their normal environment, e.g. the Japanese; and that some races are more susceptible than others, e.g. Jews. The disease, however, has been found in all races adequately studied, except perhaps the Bantu in South Africa. In U.S. negroes (Hunter, 1946) and East Chinese (Tung et al., 1958) , two populations with reported low incidence, the disease was particularly associated with hypertension.
Thus far, disease due only to complications of atheroma has been considered. The prevalence of coronary atherosclerosis itself in its various stages had also to be examined, and this can only be studied in post-mortem material.
Atherosclerosis of Coronary Arteries
This has been studied in relation to its historical trend; to physical activity of occupation; to the main cause of death; and in terms of the prevalence of mural atheroma, and lumen occlusion by Morris (1951) and Morris and Crawford (1958, 1960) . The data obtained from more than 200 consultant pathologists, each of whom examined 25 consecutive male bodies aged 45 to 70 years in centres throughout Britain during 1954-56 (National Necropsy Survey) have been analysed; and they have also been compared with Professor Turnbull's findings at the London Hospital during 1908-13. Comparison of hearts from deaths not due to coronary heart disease itself showed an interesting dissociation of coronary atheroma, or mural disease, from coronary lumen occlusion.
(1) Secular trend.- Fig. 1 patients who had died from cancer, injury or infection-the data least likely to be biased for our purpose-the incidence of much or moderate atheroma of the walls of the coronary arteries is if anything less in 1954-56 than in 1908-13: while the incidence of obliteration of the lumen has increased more than twofold. (The same story is told using modern London Hospital material.)
(2) Physical activity of occupation.-Independently of knowledge of the pathological findings the occupations of the subjects of the National Necropsy Survey were assessed in terms of physical activity into characteristically light occupations, characteristically heavy, and an intermediate group. Fig. 2 shows that for the 3,800 non-coronary deaths, in men aged 45-70 years, much coronary atheroma (that is a L v I 0 I arteries affected; or more than one extensive area of confluent disease") was about equally prevalent in the three grades of occupation. But coronary occlusion (that is "more than i reduction of the lumen in one or more main artery"; or "pinpoint" stenosis) was twice as prevalent among those in a light occupation as in the heavy work group.
(3) In relation to main cause of death.-The 1.400 male subjects aged 45-59 years dying from cance;, injury or infection were compared with 120 subjects who died of peptic, gastric or duodenal ulcer (Morris and Crawford, 1960) . Much atheroma was equally prevalent in the ulcer and non-ulcer groups, but coronary occlusion was four times as common in subjects dying of peptic ulcer.
These findings suggest that coronary occlusion has increased in recent years in excess of mural disease, that occlusion is favoured by physically light work, and that something (perhaps diet) associated with peptic ulcer also promotes occlusion. Multiple factors seem to be involved and, although associated, atheroma cannot be equated etiologically with occlusion. The more atheroma is present the more likely is occlusion to be found. But other factors also obviously are important in producing occlusion.
The prevalence of atheroma and occlusion in 2.851 males aged 45-70 years who died from some other cause than coronary heart disease and did not have hypertension was compared with 731 subjects also dying of non-coronary causes but in whom there was evidence of essential hypertension. Much atheroma was far more prevalent in the hypertensive subjects and occlusion also was increasei. It seems that hypertension favours the development of mural disease and, with this, of occlusion.
Linkage of independent observations.-The post-mortem findings of an increase in coronary occlusion in recent times is in keeping v :th independent statistical and clinical observations which indicate an increase in coronary heart disease and particularly in acute myocardial infarction. The finding of more occlusion in the light-work group than in the medium and heavy work groups corroborates the independent observation of lower mortality rates from "sudden" coronary deaths in postmen and bus conductors than in socially similar, but more sedentarily employed, post-office clerks and bus drivers.
Clinical-epidemiological survey.-These and other observations prompted a detailed clinical, biochemical, dietary and social study of central London bus drivers and male conductors of double-deck buses. These men were apparently similar in many respects (e.g. there is a difference of only about 5s. per week in wages). The nature of their work differed, however; and it has been known since 1949 that they had a different incidence of coronary heart disease, particularly as "sudden death" in the younger men. It is somewhat premature to report, but it is already clear that the average driver differs from the average conductor, age by age, in respect of height, weight, waist circumference, skinfold thickness, blood pressure under various conditions, plasma cholesterol, beta-lipoprotein and Sf factors (Table IV ). In all cases the means are higher for drivers than for conductors, although there are wide individual ranges in both occupations. These findings do not yet clarify the issue, as more variables have been introduced; but it is hoped that a study of the interrelationship of these variables may be helpful. Since cc; -aining saturated, or short-cha-n fatty acids--m ily of animal origin) has been associated witl, blood cholesterol level and to some extent both have been found to rise with economic improvement (although the U.K. evidence is that the rise in fat available during the present century is mainly due to increase in hydrogenated vegetable fat (Unilever, 1958) ).
The Framingham Community Study (Dawber et al., 1957) shows that follow-up of 900 men aged 45-62 years, clinically free from coronary heart disease at the time of admission to the study, gave an overall incidence of new disease of 1 *5 % per annum. Men characterized by high cholesterol initially had an incidence of 2% per annum. A similar new incidence rate was shown by men characterized by high blood pressure without high cholesterol. Those who had both factors showed a new incidence rate of 4% per annum. Wilkinson (1958) in family studies found that the incidence of coronary heart disease is more closely associated with hyperlipeemia (triglyceride level) than with hypercholesterolamia. Also, it is known that cardiac infarction can take place in the presence of relatively low blood cholesterol. Thus Tung et al. (1958) found in 38 coronary cases in East Chinese males that the mean serum cholesterol was 186 mg%; Fidanza (1957) found the mean serum cholesterol of 30 Neapolitan workers three weeks after myocardial infarction to be 205 mg %-and there is evidence that the incident itself may cause a rise in blood cholesterol at this stage of the disease. There is need for much more information on these aspects.
The cholesterol level may be affected by many factors. For example, mean cholesterol is low in groups composed of individuals with a low himoglobin level (Table V) . Thus in Bloor and but it is not unlikely that Yemenite, Bantu, Costa Rican and Puerto Rican blood contains less hemoglobin than European Jewish, white South African and white North American. The only inference I wish to draw is that it is premature to conclude that the physiological level of plasma cholesterol is 150 mg %.
Blood cholesterol or beta-lipoproteins may well be concerned with the atheromatous process in human beings; but the evidence certainly is insufficient to substitute high cholesterolimia (which can be measured in life) for "much coronary atheroma" (which cannot).
Conclusion
The available data suggest that inherited factors play a role in the development of atheroma. The mode of action is not clear. There is evidence that temperament and tendency to hypertension, hyperlipeemia and hypercholesterolkemia are inherited. Given a suitable environment these factors may develop and play a part in the production of advanced atheroma and particularly in the development of coronary occlusion. In this simplification it is probable that important unknown factors have been left out.
Environmental factors now thought likely to be important are: (a) Dietary fat either through hyperlipwemia, or through hypercholesterolemia, and action on thrombus formation, and on the lysis mechanism. (b) Physical activity through dynamics of the coronary circulation, and the formation or lysis of thrombus. (c) Mental McPherson's (1917) anaemic patients mean plasma cholesterol levels of 148, 176 and 205 mg % were found with himoglobin levels of 7, 7-9 and 9-14 g respectively. In bank men, bus drivers and bus conductors (1957-9), using a similar method of cholesterol estimation, mean levels rose from 229 to 273 mg % as the htemoglobin levels rose from 13 to over 16 g %. The reason for this association is not yet clear (protein levels, e.g. have not been considered) stress, through temperament, on eating habitsor in some more subtle way. For instance, Friedman et al. (1958) suggest that men characterized by "continuous involvement in multiple and diverse functions subject to deadlines" have, particularly at periods of crisis, a raised serum cholesterol and blood-clotting time.
At each stage good evidence is scanty and speculation is rife but, making an "integrated guess", it seems reasonable to focus on the 22.
Proceedings of the Royal Society of Medicine partial dissociation of coronary atheroma from coronary occlusion as a likely point of breakthrough in the attempt to halt and turn back the tide of atherosclerotic heart disease in developed countries, and to prevent its occurrence in developing countries.
Methods of Observing Thrombosis in vitro
By J. C. F. POOLE, D.M.
Oxford THE Greek word Upo,i4po means a lump, piece or clot in the most general sense. However, it is necessary to make a distinction between a clot which develops in vitro and a thrombus that forms in vivo because microscopically these two structures are quite different. Fig. 1 shows the elaborate structure, with areas of pale amorphous material fringed by leucocytes and interspersed with areas of red cells, that is found in a typical thrombus from a patient who died of pulmonary embolism. The _~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~... pale amorphous material is derived from agglutinated platelets, but this is not obvious from the appearance of the section although it has generally been assumed to be the case and confirmatory evidence is given below. In short, a thrombus consists of masses of agglutinated platelets, the platelet masses being fringed by leucocytes, and arranged in a sort of loose coralline structure, the interstices of which are filled with red cells and, as can be shown by appropriate staining methods, fibrin. Fig. 2 shows a blood clot with an entirely different appearance. All the blood cells, including the platelets, are distributed at random and none is agglutinated. In a more highly magnified field (Fig. 3 ) a platelet can be seen with various processes coming out of it, but it is a single platelet and not part of a clump.
Thus a clot and a thrombus are very different. In fact the structure of a thrombus may be even more complicated, and frequently two quite well demarcated regions can be made out known as the "white head" and the "red tail". The "white head" has the composition already described of platelet and leucocyte masses, whereas the "red tail" is composed mainly of red cells and fibrin. The "red tail" in fact forms an extension of the red cell and fibrin regions in the "white head" which fill the interstices between the platelet and leucocyte masses, and has a structure not unlike but not quite the same as that of a clot.
Because of these structural differences it is
